To explore the potential roles of miRNAs in controlling the survival of mycobacteria in macrophages, miR-17-5p in the regulation of Bacillus Calmette-Guérin(BCG)growth in the macrophage RAW264.7 cells was interrogated. Our results reveal that an infection of BCG shows a time-dependent up-regulation of miR-17-5p in RAW264.7 cells in early phase; importantly, excessive expression of miR-17-5p in these cells exhibits an increased propagation of intracellular BCG. Mechanistically, the Unc-51 like autophagy activating kinase 1 (ULK1), an initial molecular of autophagy are identified as novel target of miR-17-5p, the miR-17-5p is capable of targeting down-regulating the expression of ULK1 protein. In addition, an overexpression of miR-17-5p in RAW264.7 cells is correlated with repression of ULK1 and the autophagosome related proteins LC3I/II. These results imply that miR-17-5p may be able to arrest the maturation of mycobacterial phagosomes in part by targeting ULK1, subsequently reduces the ability of host cells to kill intracellular BCG.
Introduction
MicroRNAs (miRNAsor miR) are evolutionarily conserved, endogenous, single-stranded, noncoding RNA molecules with approximately of~22 nt length of which function as post transcriptional regulators by pairing to the 3' untranslated region (UTR) of target mRNAs, subsequently inhibit the translations of mRNA [1, 2, 3 ]. An increasing number of studies have recently demonstrated that miRNAs play a regulatory role in immune responses of host cells against a pathogen invasion by targeting an immune-related signaling pathway, including the Toll-like receptor (TLR), mitogen-activated protein kinase (MAPK) and nuclear factor kappa B (NF-κB) signaling pathways [4, 5, 6, 7] ; however, an activation of targeted gene of an miRNA or its signaling cascade could in turn alter the miRNA expression in host cells [8, 9, 10, 11, 12, 13] .
These studies suggest that the miRNAs and inflammatory signaling molecules can create a fine-tuned feedback loop to regulate immune responses in hosts.
The miR-17-5p belongs to the cluster miR-17-92 or miR-17 family which encodes six miRNAs (miR-17-5p, miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92a-1) is able to bind the same seed sequence of 3'-UTRs of their targeted genes. The miR-17-92 cluster has shown functions of oncogenes by regulating cell proliferation, apoptosis and development [14, 15] . Owing to an increasingly appreciated importance of miRNA families, the functions of miR-17-92 cluster have been intensively characterized, by which these miRNAs have shown an essential role in tumorigenesis and normal development of organs including the heart, lungs, and immune system [16, 17, 18, 19] , and regulation of immune response to an pathogen infection [20, 21] .
At the same time, another studies have revealed that the abundances of miR-17~92 cluster of host cells can be altered upon an intracellular pathogen infection, by which a pathogen may gain its intracellular resistance to be eliminated by the host cell through an apoptotic or autophagic cell death [22, 23, 24, 25] . However, the underlying mechanism between miRNAs and phagosomes of the pathogen-host interaction remains elusive. As all known, in the case of a mycobacterial infection, Mycobacterium tuberculosis (M. tuberculosis, Mtb) and M. bovisbacilleCalmette-Guerin (BCG) can be ingested by alveolar macrophage and reside within phagosomes, in which they resist acidification and fusion with lysosomes by altering the maturation of the phagosomes [26] .
Interestingly, a recent study on human glioblastoma cells demonstrated that the miR-17-5p was able to inhibit cell autophagy by targeting ATG7 and inhibiting the fusion of phagosomes and lysosomes [27] , implying the miR-17-5p may play a regulatory role in lysosomal maturation.
Therefore, we herein explore the potential role of miR-17-5p in alveolar macrophages in response to BCG infection, we found that the infection of BCG induces a up-regulation of miR-17-5p in macrophage RAW264.7 cells in early phase, and inhibition of miR-17 transcript increases the abundance of ULK1 and LC3I/II protein, and improves the capacity to kill the intracellular bacilli in macrophages.
Materials and Methods

Cells culture and transfection
This study was approved by the ethics committee of the Ningxia Medical University (Permit Number 2014-135).
Murine macrophage RAW264.7 cells (ATCC; TIB-71) and human HEK 293T cells were purchased from the Type Culture Collection of the Chinese Academy of Sciences, Shanghai, China. The cells were cultured and maintained at 37°C in a humidified atmosphere of 5% CO 2 95% oxygen, RPMI 1640 and DMEM medium (Gibco) supplemented with 10% Fetal Bovine Serum (FBS) and 1% pen/strep. For a transfection of oligonucleotides, the oligonucleotides of miRNA mimics or inhibitor were transfected into RAW264.7 cells using Lipofectamine 2000 reagents per manufacturer's instructions (Invitrogen, USA). For cells cultured in a 6-well plate, 20 μM of oligonucleotides was transfected.
miR-17-5p expression in RAW264.7 cells with BCG infection
The macrophage RAW264.7 cells were infected with BCG at an MOI of 10 for the indicated time points and the miR-17-5p transcript was determined by a qRT-PCR assay.
Mycobacterium bovis BCG Beijing strain was purchased from the Center for Disease Control and Prevention (CCDC) of china (Beijing, China). The bacilli were grown at 37°C with shaking in Middle-brook 7H9 broth containing 10% albumin dextrose catalase supplement for microRNA-17-5p Targeting ULK1 Modulates BCG Growth 2 weeks, the bacterial cultures were then harvested by centrifugation at 500×g for 10 min and the cell pellets were resuspended in the BCG culture medium. The number of viable colonyforming units (CFU) of the culture was determined by plating serially diluted cultures on Middlebrook 7H11 plates supplemented with OADC enrichment (BD Biosciences Shanghai, Shanghai, China), and the bacterial colonies were counted after 4 weeks of culture [28] . Aliquots of the stock were stored at -80°C. Cells were infected with BCG at a multiplicity of infection (MOI) of 10 and incubated at 37°C in a 5% CO 2 , humidified air atmosphere for indicated time before they were harvested for analysis.
Generation of plasmid expressing miR-17-5p
In order to construct a vector expressing miR-17-5p, oligonucleotides of sense strand (5'-TC AAAGTGCTTACAGTGCAGGTAGTTCAAGAGACTACCTGCACTGTAAGCACTTTGTTTTTTC-3') and antisense strand (5'-TCGAGAAAAAACAAAGTGCTTACAGTGCAGGTAGTCTCTTG AACTACCTGCACTGTAAGCACTTTGA-3') were synthesized, which were based on the sequence of mouse miR-17-5p (5'-caaagtgcttacagtgcaggtag-3', MIMAT0000649) from miRBase database. Appropriate sites of restriction endonucleases were also introduced at 5'-ends of these oligonucleotides. The mixture of the sense and anti-sense oloigonucleotides was then used for the production of the precursor of small hairpin RNA (shRNA) of miR-17-5p by temperature annealing approach. The miR-17 precursor was modified with appropriate restriction enzymes, and cloned into a miRNA expressing plasmid, pSicoR (Department of Biological Chemistry, School of Medicine, Fudan University, Shanghai, China) to generate the vector expressing miR-17-5p, which was designated as pSicoR/miR-17-5p in this study. A negative control vector was named pSicoR/NC.
Production of lentiviral vector and infection of RAW264.7 macrophage
For production of the lentiviral vector, 1×10
6 HEK 293T cells were seeded per well in six-well plates with 2 mL of DMEM/10% FBS without antibiotics. The next day, the medium was replaced with 1 mL DMEM without FBS and antibiotics. Subsequently, the pSicoR/miR-17-5p vector (1.5μg) or pSicoR/NC (1.5μg) was co-transfected with packaging plasmids pCMV-VSV-G (0.5μg) and pCMV-dR8.91 (1μg) (Department of Biological Chemistry, School of Medicine, Fudan University, Shanghai, China) with TransLipid Transfection Reagent as suggested by the manufacturer. The medium was replaced with 2 mL of DMEM/10% FBS at 6 h post transfection. The supernatant was harvested at 48 h after transfection, followed by being filtered through a 0.45-μm size filter, and then concentrated to 1/100 volume by ultracentrifugation with 50000× g at 4°C for 2.5 h using a SW28 rotor (Beck-man Coulter, Fullerton, CA, USA) and Sorvall Ultra 80 1 (Kendro Laboratory Products, Newtown, CT, USA). The virus particle pellet was resuspended in PBS and frozen at -80°C till use. The viral particles were titrated in 293T cells by counting EGFP-positive cells.RAW264.7 cells were infected with vector-containing supernatant directly after 1 day in culture, which was designated as LV-miR-17-5p or LV-NC. The cells were infected with a lentiviral vector at MOI of 20 in this study.
Dual-luciferase reporter vector containing ULK1 3'UTR sequence for validation of miR-17-5p target
In order to validate the ULK1 gene were the targets of miR-17-5P, the reporter plasmids containing luciferase with the 3'UTR sequence of murine ULK1mRNA were generated. The primers used for amplification of wild-type (WT) and mutated (Mut) 3'UTR of ULK1mRNA were designed based on GenBank database (J05287.1). The sequences were as follow: The forward primers for ULK1/Mut ULK1 3 0 UTR: 5'-CGACGCGTCGTATGGTGCCGAGAAGTGG-3', the microRNA-17-5p Targeting ULK1 Modulates BCG Growth reverse primers for ULK1/Mut ULK1: 5'-CGAGCTCGGAGGACGAAAGCCAGGAA-3'/5'-CGAGCTCGTAACGTACTCCGGTGACT-3'. The restriction sites (underlined) of SacI and Mlu I were respectively introduced in the forward and reverse primers. The cDNA generated from RAW264.7 RNA was used as templates for amplification of the 3'UTR fragment by a PCR assay. The wild-type and mutated 3'UTR fragment were then cloned into the downstream of luciferase reporter gene of pMIR-Report vector (Promega, Madison, WI, USA), by which the ULK1 mRNA luciferase reporter vectors, pMIR-Report/ULK1 (harboring WT 3'UTR) and pMIR-Report/Mut-ULK1 (containing a Mut 3'UTR) were generated. The specificity of miR-17-5p targeting ULK1 mRNA was ascertained by co-transfection of pSicoR/miR-17-5P and pMIR-ReportULK1 or pMIR-Report/Mut-ULK1 into 293T cells, and determined by the relative activity of firefly luciferase unit (RLU) at 48 h post-transfection using a dual-luciferase reporter assay kit as recommended by the manufacturer (Promega, Madison, WI, USA). A Renilla luciferase expressing plasmid pRL-TK (Promega, Madison, WI, USA) was always included in the transfection to normalize the efficiency of each transfection [29, 7] .
Immunoblotting analysis
To obtain total cellular lysates, the cells were lysed in an ice-cold cell lysis buffer from a protein extraction kit. The protein concentration was determined with the Bradford protein assay kit (BESTBIO) using a c-globulin standard curve. Proteins were resolved by standard SDS-PAGE and transferred onto PVDF membranes (Millipore, USA). Nonspecific binding sites were blocked using 5% dry skimmed milk, 0.2% Tween-20 in PBS (pH 7.4) for overnight at 4°C and then incubated with primary antibodies againstULK1、 LC3I/II and GAPDH (Cell Signaling Technology, Inc, Danvers, MA, USA). The membranes were then incubated at room temperature (RT) for 1 h with appropriate HRP-conjugated secondary antibodies prior to be developed using the enhanced Western Bright ECL reagent (Advansta, United States).
Immunocyto-fluorescent staining for confocal microscopy
The RAW264.7 cells cultured on a cover slide were transfected with miR-17-5p mimic or miR-17-5p inhibitor for 24 h, and then treated with rapamycin or BCG and different design for 2 h before they were used for immunocyto-fluorescent analysis. The cells were first fixed in 4% paraformaldehyde in PBS at RT for 20 min prior to be permeabilized by PBS containing 0.2% Triton X-100 for 10 min. Followed by blocking with PBS containing 3% bovine serum albumin (BSA) before the slide was serially incubated with rabbit anti-ULK1 andanti-LC3I/II (1:200 dilution) at 4°C for over night and then Rhodamine-conjugated goat anti-rabbit IgG antibody (1:200 dilution) at RT for 1 h. The slides were then rinsed with PBS and mounted with Prolong Gold anti-fade reagent with 4'-6-diamidino-2-phenylindole (DAPI) (P36931, Invitrogen, Grand Island, NY, USA). The images of cells were visualized and acquired using an Olympus DSU spinning disk confocal microscope under a 100 × objective oil lens. The relative expression of ULK1 and LC3I/II in the cells was ascertained by quantifying the fluorescent signal of Rhodamine using ImageJ Software version 1.46 (http://rsb.info.nih.gov/ij/). Fold change was calculated as the ratio between the relative intensity of each sample over a control sample.
qPCR examination for BCG burdened in RAW264.7 cells
The RAW264.7 cells were infected with LV-NC, LV-miR-17-5p, or transfected with miR-17-5p inhibitor or control oligonucleotides for 24 hours. Then the intracellular BCG was quantified by a qPCR assay. Briefly, the cells were transfected with the pSicoR/miR-17-5p or miR-17-5p inhibitor and incubated for additional 24 h prior to be infected with BCG for indicated time. The cells were then harvested for total DNA extraction using a commercially available genomic DNA kit (TIANGEN BIOTECH,Beijing,China). The abundance of intracellular bacilli was determined by accessing BCG DNA using a qPCR assay; the primer set used for qPCR was based on BCG specific sequence (IS6110, Sequence ID: gi|6006564|emb|X57835.2|); the sequences of primers were 5'-GGACGGAAACTTGAACACG-3' (forward) and 5'-TCTGAC-GACCTGATGATTGG-3' (reverse); standard PCR cycle parameters were as follows: 95°C for 30 s, followed by 40 cycles of 95°C for 15 s and 60°C for 30 s and 72°C for 30 s. The BCG abundance was calculated against the β-actin, an internal control of host cells, using a comparative Ct (ΔΔCt) method.
Bioinformatic analysis
The putative targets of miR-17-5p were predicted using the miRanda, PicTar and TargetScan target algorithms.
Statistical Analysis
Statistical analyses were performed using two-tailed Student's t-test. Comparisons between groups were performed using ANOVA. Significant differences were assigned to p values <0.05 and <0.01, and denoted by Ã and ÃÃ , respectively. Data was presented as the mean ± standard deviation (SD).
Results
BCG inhibits miR-17-5p expression in RAW264.7 cells
The result showed that an infection of BCG induced an up-regulation of miR-17-5p expression in a time-dependent manner (Fig 1) . This data implies that the miR-17-5p may play a regulatory role in macrophages in response to mycobacterial infection.
Construction of lentiviral vector and infection of RAW264.7 macrophage
Lentiviral vectors expressing miR-17-5p (LV-miR-17-5p) and control (LV-NC) were successfully constructed, and the viral particles were titrated in 293T cells by accessing the EGFP-positive cell colonies (Fig 2A) . The titers of viruses were 1x10 8 TU/mL. In addition, the miR-17-5p transcript in RAW264.7 cells transduced with LV-miR-17-5p was significantly abundant relative to the cells infected with LV-NC (p<0.05) (Fig 2B) , indicating a functional viral vector was generated.
miR-17-5p inhibit the expression of ULK1 by targeted ULK1-3´UTR
To identify the target gene of the miR-17-5p with ULK1 through the informatics software, we found the binding site as( Fig 3A) ; dual luciferase data shows that the miR-17-5p can obviously inhibit the luciferase activity of ULK1-3'UTR, but not the luciferase activity of ULK1-3'UTR mutant, (Fig 3B) ; our data shows that the miR-17-5p can obviously inhibit the expression of ULK1 protein by western-blot (Fig 3C) .
The influence of BCG to miR-17-5p modulate the expression of ULK1
The results showed that the expression of ULK1from themiR-17-5p mimics plus BCG infection group obviously was decreased compared with NC plus BCG (Fig 4A) , On the contrary, the expression of ULK1 from the miR-17-5p inhibitor group obviously was increased (Fig 4B) .
The influence of BCG to miR-17-5p can obviously inhibit the occurrence of autophagy
The data shows that the Rapamycin can obviously induce the occurrence of autophagy but not BCG compare with DMSO (Fig 5) , and the miR-17-5p mimic plusBCG can inhibit the occurrence of autophagy compare with miR-17-5p mimic (Fig 5) . All together data shows that the influence of BCG tomiR-17-5p can obviously inhibit the occurrence of autophagy.
miR-17-5p modulate the expression of LC3B
The data shows that the ratio of LC3II/I fromRapamycin group obviously was increased compared with normal control, but the ratio of LC3II/I from miR17-5p group obviously was decreased compared with NC group (Fig 6A) . Similarly, the ratio of LC3II/I from the BCG plus miR-17-5p mimicgroup was alsodecreased compared with BCG plus NC (Fig 6B) , but the ratio of LC3II/I from the BCG plus miR-17-5p inhibitor group was obviously increased compared with the BCG plus NC (Fig 6C) . Therefore, we conclude that the miR-17-5p can modulate the BCG induced cyto-autophagy.
miR-17-5p increases the growth of BCG in RAW264.7 cells by qPCR
An abundant BCG was detected fromLV-miR-17-5p group compared with LV-NC, less abundant BCG was determined from miR-17-5p inhibitor compared to the controls (Fig 7) . Therefore,miR-17-5p increases the growth of BCG in RAW264.7 cells.
Discussion
Mycobacterium tuberculosis (Mtb)is one of the most harmful intracellular pathogens, which is the cause of Tuberculosis (TB), a devastating infectious disease worldwide [30] . It is therefore important to understand the underlying mechanisms of pathogenesis and immunological responses required for protection hosts against TB infection [31] . Alveolar macrophages are main targets of Mtb infection, and the pattern of cell death of Mtb-infected alveolar macrophages has been recognized to play a central role in the pathogenesis of tuberculosis (TB) [32] . Mounting evidence has corroborated that phagocytosis of invaded Mtb by macrophages plays a pivotal role in the innate immune response to Mtb infection, particularly in a latent Mtb infection of macrophages [33, 34, 35] . In this context, the invaded pathogens are ingested into phagosomal vacuoles of which they interact with endosomal and lysosomal vesicles microRNA-17-5p Targeting ULK1 Modulates BCG Growth through a process of phagolysosome biogenesis, during which phagosomes gain properties degradation and microbicide to kill and degrade the phagocytozed pathogens [36] . However, an Mtb has an ability to prevent phagosome-lysosome fusion and arrest the maturation of phagosomes, subsequently acquires a capacity to survive and proliferate within phagosomes in macrophages by inhibiting phagolysosome biogenesis [37, 38] . To date, the precise mechanism by which Mtb arrests pathogen-phagocytozedphagolysosome maturation remains elusive, but recent studies found that Mtb-loaded phagosomes within dendritic cells were correlated with lysosomes in the early stages of infection [39] ; Previous studies in intracellular T. gondii infection have also suggested that miR-17~92 cluster played a regulatory role in the innate apoptotic response of macrophages [22, 23] ; in addition, both of miR-17-5p and miR-30d, have been found to be able to inhibit the maturation of lysosomes containing mycobacteria through a mechanism of regulation of specific genes related to lysosomal maturation and/or a mechanism of autophagy [27, 40] . In line with these findings, we found that an infection of BCG can induce a time-dependent up-regulation of miR-17-5p in macrophage RAW264.7 cells; on the contrary, an increasing level of miR-17-5p transcript in the cells by a lentiviral transduction exhibits an increased intracellular BCG in RAW264.7 cells as compared with the uninfected cells. Mechanistically, in part, the miR-17-5p isable to target ULK1 mRNA and suppress ULK1 and LC3I/II protein expression, subsequently may arrests the maturation of BCG phagosomes. As a consequence, the ability to kill BCG in the host cells is decreased, which thereby leads an increased growth of BCG in the cells. As the main targets of Mtb infection, alveolar macrophages are able to provide critical intracellular niches for Mtb establishing infection in host [32] . In our report, we show that miR-17-5p is able to suppressand the initial autophagosome protein ULK1 and LC3I/II expression and promote BCG growth in macrophages partly by a mechanism of inhibition phagosomal maturation. This result supports the notion of that ULK1 and LC3I/II are the critical molecular for the fusions of autophagosomes and lysosomes in a chaperone-mediated autophagy of mammalian cells [41] . However, the detailed underlying mechanism of the ULK1 and LC3I/II-mediated autophagy needs to be further explored in future.
Collectively, we interrogated the biological function of miR-17-5p in macrophages in response to mycobacterial infection. We found that the miR-17-5p were able to directly bind to the 3'-UTR of ULK1 mRNA and inhibit ULK1 and LC3I/II protein expression post-transcriptionally; a BCG infection could increase the miR-17-5p transcript in RAW264.7 cells in a timedependent manner; intriguingly, an excessive expression of miR-17-5p in RAW264.7 cells showed a tendency to promote BCG growth in the host cells. These results thus implicated a previous undefined mechanism by which the miR-17-5p is able to arrest the maturation of BCG phagosomes, accordingly reduces the ability to kill BCG in the host cells. This finding also highlights an underlying mechanism by which miR-17-5p modulates phagosomal maturation in a mycobacterial latent infection.
